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Abstract:  
In this report, we demonstrate high spectral responsivity (SR) in MBE grown 
epitaxial β-Ga2O3-based solar blind MSM photodetectors (PD). (-2 0 1)-oriented β-
Ga2O3 thin film was grown by plasma-assisted MBE on c-plane sapphire substrates. 
MSM devices fabricated with Ni/Au contacts in an interdigitated geometry were found 
to exhibit peak SR > 1.5 A/W at 236-240 nm at a bias of 4 V with a UV to visible 
rejection ratio > 10
5
. The devices exhibited very low dark current < 10 nA at 20 V and 
showed no persistent photoconductivity (PPC) as evident from the sharp transients with 
a photo-to-dark current ratio > 10
3
. These results represent the state-of-art 
performance for MBE-grown β-Ga2O3 MSM solar blind detector.  
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β-Ga2O3 is an emerging wide band gap material (EG ~4.6 eV) which is at the focus of 
a rapidly-expanding device and materials community for its promise towards enabling next-
generation high-power transistors
1–3
 and deep UV solar blind detectors
4–11
 towards strategic 
applications such as missile plume detection and bio-medical sensors. III-nitride alloys 
(AlGaN), which have been widely explored 
12–16
 for solar blind UV detection, suffer from 
lack of native substrates which is a major bottleneck to achieving superior material quality. In 
contrast, large area single crystal Ga2O3 substrates can be grown from the melt by various 
conventional crystal growth techniques 
17,18
 with much superior crystal quality providing an 
economic and performance advantage. Besides, the growth of high-quality AlxGa1-xN with 
increasing Al mole-fraction required for deep UV detection poses severe challenges in 
epitaxy
19
. Epitaxially grown β-(Al,Ga)2O3 provides a promising platform to tailor hetero-
structure engineering for high-performance and novel devices. In particular, MBE offers an 
approach to achieving growth of high quality films with low background impurity 
concentration, which is critical for low dark current in photodetectors. In this work, we report 
on the hetero-epitaxial MBE growth of (-201) β-Ga2O3 on sapphire substrates and the 
demonstration of metal-semiconductor-metal (MSM) photodetectors with high responsivity 
in conjunction with a very low dark current. These results demonstrate the promise of β-
(Al,Ga)2O3 devices fabricated not only on bulk substrates, but also on relatively low-cost 
sapphire substrates.  
β-Ga2O3 samples were grown on c-plane sapphire substrates using MBE equipped 
with Veeco Uni-bulb O2 plasma source and standard effusion cell for gallium. Sapphire 
substrates were solvent cleaned, indium bonded to a silicon wafer and degassed in the buffer 
chamber at 400
o 
C for 1 hour before loading the sample into the main growth chamber. Ga2O3 
 
 
was grown for 3 hours at a substrate temperature of 700
o
C with a RF plasma power of 300W 
and a Ga flux of 1.5x10
-8 
Torr measured using a beam flux monitor.  X-ray diffraction data 
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shown in Figure 1(a) indicated single phase (-201)-oriented β-Ga2O3 film, which is in 
agreement with previous reports 
20–22. The thickness of the β-Ga2O3 film was estimated to be 
150 nm from X-ray reflectivity (XRR) measurement (Fig. 1(b)).  
MSM photodetectors were fabricated on MBE-grown (-201) β-Ga2O3 film.  After 
following the standard lithography procedures, Ni/Au (20 nm/70 nm) metal stack was 
deposited using e-beam evaporator for Schottky contacts. The metal electrodes had an 
interdigitated geometry with 30 fingers: 300 µm long, 4 µm wide, 8 µm finger spacing with 
an active area of 360 µm x 300 µm (as shown in inset to Fig. 1(b)).  
The spectral responsivity (SR) of the MSM photodetectors was measured using 
Sciencetech® Inc. quantum efficiency (QE) setup fitted with a Xenon lamp (150 Watts), 
optical chopper and monochromator, while the current-voltage (I-V) and time-dependent 
photo-response were measured using Keithley® 2450 source-meter connected externally to 
the QE setup.  
Fig. 2 shows the spectral responsivity versus wavelength (linear and log scale) at bias 
voltages of 4 V, 8 V, 12 V, and 16 V. The peak wavelength was found to be ~ 236 nm (5.62 
eV) while the band edge was estimated from the peak value of the derivative of the curve (not 
shown) to be at 254 nm (4.88 eV). Peak responsivity values of 1.8 A/W and 3.3 A/W were 
measured at bias of 4 V and 16 V respectively, the highest among all MBE-grown Ga2O3-
based MSM devices as well as one of the best among all detector architectures for epitaxial 
Ga2O3. A few groups have reported higher SR values than what is reported here
23,24
; 
however, in those cases, the responsivity values have not been experimentally measured, but 
are estimated or calculated from photo-current measurements. Visible rejection ratio was 
estimated by dividing the responsivity at 236 nm (peak response) to that at 450 nm. Excellent 
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visible rejection ratio > 10
5
 was observed, which is among the highest reported for epitaxial 
MBE grown Ga2O3-based detectors 
7,23
 and testifies the true solar-blind nature of the devices.  
Fig. 3 (a) shows the photo and dark current-voltage (I-V) characteristics of the device 
(linear and log scale) at room temperature. The photocurrent was measured at the 
illumination of 236 nm. High photo-current (~ 4.9 µA at 20 V) and very low dark current (~ 4 
nA at 20 V) were measured and photo-to-dark current ratio > 10
3
 were obtained.   
To evaluate the performance of the photodetector, time-dependent photo-response 
measurements were done at different bias voltages. Fig. 3 (b) illustrates the time-dependent 
photo-response of the β-Ga2O3 photodetector under the illumination of 236 nm at a bias 
voltage 20 V in log scale. The inset of the Fig. 3 (b) shows the rescaled transient plot in the 
linear scale. Under deep UV illumination, the photocurrent rises to a value of 14 µA; when 
the UV illumination is turned off, the current abruptly decreases to a value of ~7 nA.  The 
on/off ratio of >1000, the highest for MBE grown β-Ga2O3-based detectors, was observed 
with no persistent photo conductivity (PPC).  It was observed that the photo current at 20 V 
was higher during transient measurement compared to that in steady-state I-V. This can be 
attributed to the temporal dependence of photo-current due to possible trapping-de-trapping 
transients. This effect was found to be absent after the devices were passivated with 20 nm of 
Atomic Layer Deposited (ALD) Al2O3 at 250°C using Trimethyl-aluminium (TMAl) and 
H2O as precursors, indicating that surface related traps are responsible for this effect.  
Fig. 4(a) illustrates the photo and dark I-V characteristics and Fig. 4(b) shows time-
dependent photo-response at a bias of 20 V after the passivation of the devices respectively. 
The photo currents in steady-state as well as transient measurements were found to be similar 
~ 4.6 µA (at 20 V) while the dark current was observed to be in the ~ nA range. Both the 
photo and the dark current decreased slightly after the passivation of the devices.  
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With an incident power of ~ 0.7 mW/cm
2
 over a device active area of ~ 300 µm x 360 
µm, the maximum  photo  current  is estimated to be ~ 0.15 µA (Assuming the external 
quantum efficiency to be 100 %) whereas the measured photo current using sourcemeter is ~ 
4.6 µA ( at 20 V). This is a clear indication of the gain in the devices. Hole trapping has been 
suggested as one of the several possible
25
 gain mechanisms in MSM photodetectors. We 
predict that the high gain resulting in high responsivity in the devices is due to the 
localization of the self-trapped holes at the interface of the metal and the semiconductor 
25
. 
The photo-generated electrons are swept away quickly by the field whereas the hole remains 
self-trapped in the depletion region, lowering the barrier height at the junction. To maintain 
charge neutrality more electrons flow from the metal side, increasing the measured 
photocurrent and hence the gain. The measured photo current (Iph
m
) consists of two 
components: an intrinsic bias-independent photo current Iph
0
, and the component arising due 
to the barrier lowering (ΔΦB) which enhances the current (Iph
m
), leading to gain. Thus we 
have 
26
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Using equation (1), the barrier lowering (ΔΦB) due to trapping of holes is estimated to be ~ 
0.27 eV as shown in the inset of the Fig (4(a)). This is in good agreement with the value of 
ΔΦB ~ 0.3 eV reported by Armstrong et al 
25.  
After the passivation of the devices, the rise time (10 % - 90 %) was found to be 3.33 
seconds while the fall time (90 % - 10 %) was measured to be 0.4 second (Fig. 4(b)). Slightly 
higher rise time compared to fall time was always observed which could be possibly 
attributed to the slow release of carriers from deep states and/or due to the slow hole transport 
on account of very low hole mobility
27,28
. The abrupt fall in the transient can be attributed to 
the fast recombination by both band-to-band recombination and via recombination centers
29
.  
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Fig. 5 illustrates the plot of the responsivity versus dark current for the state-of-the-art 
solar blind (230-290 nm) UV detectors reported 
4-6,8,10-11,16,30–37
 for the devices based on 
AlxGa1-xN as well as on β-Ga2O3. The detectors reported in this work have excellent 
responsivity while maintaining a very low dark current for 230-240 nm range. 
In conclusion, we demonstrate a high responsivity > 1.5 A/W at 4 V for deep UV 
detectors based on MBE grown β-Ga2O3 with low dark current < 10 nA (at 20 V) and high 
visible rejection ratio > 10
5
. We also demonstrate abrupt transients in photo current without 
any PPC effect and report the highest on/off photo-to-dark current ratio > 1000 among MBE 
grown β-Ga2O3 solar blind detectors of any architecture. The high gain mechanism is 
explained by the Schottky barrier lowering due to self-trapped hole in the depletion region.  
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Figure and legends: 
 
Figure 1: (a) X-ray diffraction and (b) X-ray reflectivity data of MBE-grown Ga2O3 on 
sapphire substrate. The inset to figure 1(b) shows schematic of the fabricated lateral MSM 
photodetector with interdigitated geometry.  
 
 
 
 
Figure 2: Spectral response of β-Ga2O3 MSM photodetector in linear scale at different bias 
voltages. The inset shows spectral response versus wavelength at different biasing voltages 
(Log scale).  
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Figure 3: Before passivation (a) Photo and dark I-V characteristics at room temperature 
(log scale) (b) Time-dependent photo-response under the illumination of 236 nm at 
20 V (log scale). The inset to figure 3 (a) shows photo and dark I-V characteristics in linear 
scale. The inset to figure 3 (b) shows rescaled transient at 20 V (linear scale). 
3 (a) 
 
3 (b) 
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Figure 4: After passivation (a) Photo and dark I-V characteristics at room temperature (log 
scale) (b) Time-dependent photo-response under the illumination of 236 nm at 20 V 
(log scale). The inset to figure 4 (a) shows Schottky barrier lowering variation with the bias 
voltage (extracted using equation 1). The inset to figure 4 (b) shows rescaled transient at 20 V 
(linear scale). 
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Figure 5: State-of-the-art plot of the responsivity versus dark current for solar-blind (230-290 
nm) UV detectors based on AlGaN and β-Ga2O3. Grey line shows theoretical responsivity 
(Assuming external quantum efficiency ~100 %) of the deep UV photodetector (230 nm – 
260 nm).   
